SUMMARY: The recent failure of sardine catches off Galicia (NW Spain), an area where landings reached up to 100 thousand tonnes only a few years ago, may be explained by two possible hypotheses. The "depletion" hypothesis states that diminishing sardine catches were due to a decrease in stock biomass resulting from a combination of reduced recruitment and increased fishing mortality. The "change in distribution" hypothesis states that catch failure was due to a change in the distribution of the stock owing to environmental changes. Available information, based on direct observations from acoustic and ichthyplankton surveys and the fishery, was analysed. When the stock size is high, the spawning area of the sardine extends offshore in the Cantabrian Sea, and spreads along the continental shelf off northern Portugal. Moreover, adult fish undertake feeding migration towards Galician waters. This spawning behaviour results in a recruitment located mainly off Portugal. Low stock size causes a shrinkage in the distribution area throughout coastal waters and in the Cantabrian Sea, reaching the inner part of the Bay of Biscay. This process also affects the migration range and favours a higher retention in coastal waters of the early life stages (from eggs to recruits), which remain primarily in the same area where they were hatched. The lack of sardine in Galicia may be explained by a depletion process which affects both the feeding migration of adult fish and the recruitment occurrence off southern Galicia. This paper also analyses the dynamics of this stock in the context of a metapopulation. Taking this concept into consideration, we also examined the influence of the dynamics of each sub-population and the environmental conditions that might affect the success of the recruitment.
INTRODUCTION
Sardine, pilchard and anchovy stocks form the basis of commercially important fisheries which are closely related to high-productivity areas. For these fish species, the stock area and distribution are correlated with abundance, and are dependent upon the environmental regime (Lluch-Belda et al., 1989) . Favourable regimes are prolonged periods (a decade or longer) of propitious environmental conditions over large geographic areas (Lluch-Belda et al., 1989 , Schwartzlose et al., 1999 . During these periods, better recruitment and growth as well as, perhaps, lower natural mortality rates and consequently higher yields are to be expected. In addition, during high abundance periods many stocks may undertake feeding and spawning migrations involving broader areas. Low abundance, reduced geographic distributions and low yields are associated with unfavourable regimes. Regime "shifts" are periods of transition, often abrupt, from one regime type to another. Regime shifts may not be immediately SCI. MAR., recognisable in fisheries data because of delays in population (abundance) response, noise in data, problems with stock assessment models, or other difficulties. As these fish species are usually shortlived, the success of the recruitment process is crucial to further increase the size of the population. Clupeoid fishes show a high variability in the recruitment process, and hence in population size (Cole and McGlade, 1998) . Variability in recruitment is related to the environmental conditions (Lasker, 1975; Cury and Roy, 1989; Bakun, 1996) .
The Iberian Peninsula ( Fig. 1) is located in the inner part of the Canary system and coastal upwelling occurs from March through October (Wooster et al., 1976; Blanton et al., 1984) . In this area, sardine (Sardina pilchardus, Walb) have supported one of the oldest fisheries of both Portugal and Spain. The earliest documents of this activity on the Galician coast (northwestern corner of the Iberian Peninsula, see Fig. 1 ) date from the 14 th century (Ferreira, 1998) . The development of the sardine fishery was closely related to an increase in the availability of this species together with a growing sea trade, particularly associated with the salt trade. Moreover, this development would appear to be related to an increase in the water temperature which occurred around 1350-70. Due to the abundance of sardine, the improvement in the salting procedures and trade routes, sardine became one of the most popular foods in this area. The earliest description of the sardine species on Galician coasts was recorded in the 18 th century (Cornide, 1788) . Ever since the beginning of fishing activity, fluctuations in sardine abundance have been observed, based either on direct reports from the fishery or on the simple examination of salt consumption over the years. Earlier observations of sardine in Galician waters indicate that the presence of this fish species in the area did not depend only on the existence of a resident population but also on an overflow, which mainly occurred in summer. Movements of sardine were known and the species was initially caught using either drift nets or traps, which were placed along the main migratory routes (Ramalho, 1933) .
In order to manage the sardine population, extensive studies were started in the early seventies in Atlantic Iberian waters. Since no evidence was found to support the existence of different populations, these sardines were believed to belong to a single stock (Anon, 2000) . However, the boundaries of this stock remain uncertain and are still a matter of concern. Spawning occurs in October-May in two main areas: off the coast of Portugal with a peak in winter; and in the Cantabrian Sea with a peak in spring (Re et al., 1990; Solá et al., 1990) . The bulk of the recruits at age 0 is found off the northern coast of Portugal during summer and autumn. (Anon, 2000; Porteiro and Pestana, 1997) . Although Galician waters are outside these main spawning areas and only the southern part of this region is located in the vicinity of the main recruitment area, sardine landings in Galicia are substantial, particularly during the middle of the year, which would suggest a feeding movement or migration. According to Fernandez and Navarro (1952) and Porteiro et al. (1986) , there is an age gradient pattern from the Spanish/Portuguese border, where most of the fish are young, to the Cantabrian Sea where the bulk of the population belongs to older age groups.
Historically, the bulk of the catches were taken in northern Portugal and Galicia (i.e. ICES Sub-Divisions, IXa-North, IXa-Central North and VIIIcWest), as shown in Figure 2 . Although in this figure the catches from VIIIc are aggregated, most of them were allocated to VIIIc-West. In spite of the high variability observed in this time series, since 1985 there has been a declining trend in the catches from this area, with the lowest values of the time series in Galicia (IXa-N and VIIIc-West) being reached in recent years. This decline was considerable in IXaNorth where the catches in 1998 and 1999 only reached 3.7 and 2.5 thousand tonnes respectively.
In order to explain the disappearance of the sardine from one of its traditional feeding areas, the available information on this stock was re-examined. This paper summarises the available data and discusses possible causes for the decline in catches off NW Spain in recent years.
MATERIAL AND METHODS

Sardine landings off Atlantic Galician waters
Landings from the most important harbours in Galicia, Vigo, Ribeira and Sada ( Fig. 1) , recorded since 1988, were analysed. The fleet is composed of purse seiners (around 280 boats, with an average GRT of 29 tonnes in the early seventies, increasing to 48 tonnes in the nineties). Sardine is the target fish species of these fleets, especially the larger ones. For the purpose of stabilising prices and decreasing fishing effort, starting in 1990 a number of management measures were introduced. A daily maximum allowable catch of 10,000 kg/fishing day until 1996, which was decreased by 1,000 Kg/fishing day per year until 1999 to reach 7,000 kg per fishing day and a weekly limitation in the number of fishing days (5 days per week) are some of the measures that were implemented. Because catches are landed daily, these fleets have a short displacement range (i.e. no more than 30 nm away from the harbour). Thus, their catches are roughly representative of the local sardine abundance around each location.
Spawning grounds
Stock size is related to the extension of the spawning area (Deriso et al., 1996) , which can be estimated in a given zone by the presence/absence of eggs in the surveyed area (Augustin et al., 1996; Borchers et al., 1997) . Sardine egg distribution was analysed using direct sardine surveys (whole coverage in 1998, 1997 and 1999 , and partial coverage of the Spanish continental shelf in 1990) and other egg surveys targeting different fish species (i.e. mackerel and horse mackerel). Spawning grounds and egg information were thoroughly analysed in Bernal (1999) and Stratoudakis (1999) and we will refer to the most important findings of these works.
Stock size
Direct estimation of stock size is provided by both acoustic and daily egg production (DEP) surveys. Acoustic surveys are routinely carried out by both countries using the same survey methodology and data analysis (Anon 1997) . Spain began to conduct acoustic surveys in the summer of 1983, but only those performed in spring were analysed, these data being available between 1986 and 1999 with no surveys in 1989 and 1994. Since 1997 the surveys have also covered the south of the French continental shelf. Portugal has undertaken surveys in spring, summer and fall. For this study, the fall and spring time survey series were analysed. The fall time series starts in 1984, but shows gaps between 1988 and 1991 and from 1993 to 1996. The Portuguese spring time series starts in 1986 but there are gaps between 1989 and 1994 and in 1987. As of 1995 the area covered was extended southward to the Gulf of Cadiz. Annual landings by the ICES Sub-Division, provided for analytical assessment purposes (Anon., 2001), were used to calculate crude estimates of relative exploitation rates based on catch and survey data without using the stock assessment model as estimated at the ICES. An availability index was formulated as follows:
where ψ is the fish abundance (number of fish at age 1+) in a given ICES Sub-Division estimated by the acoustic surveys performed in spring and ρ is the total catch in number obtained in this area. A positive index suggests that the sardine availability in number in spring estimated by the acoustic surveys in a given area is high enough to maintain the fishery during the whole year. In contrast, a negative index in a given area is an indication of an increase in the availability of sardine in this area.
Formulation of hypothesis
The recent failure of sardine fisheries in Galician Atlantic waters is analysed on the basis of two hypotheses: i) The Ibero-Atlantic stock of sardine is immersed in a depletion process; and ii) The IberoAtlantic stock of sardine has changed its main distribution area.
The "depletion" hypothesis states that reductions in sardine catch and biomass, especially off Spain, are due to a decrease in stock biomass resulting from a combination of reduced recruitment and increased fishing mortality, particularly of older fish. To formulate this hypothesis, the Iberian sardine stock distribution is assumed to be centred in the south, off Portugal, with another smaller area located in Cantabrian waters. Therefore, if the abundance diminishes in the stock as a whole, the geographic area shrinks towards the south (i.e. Portugal), leading to an increase in the abundance of older ages in this area. If this is true, the abundance indices based on Portuguese data and catch off Portugal should be relatively constant because the density and area occupied by the sardine have changed very little. Declines in catch and abundance indices based on Portuguese data are not likely to occur unless the sardine stock biomass and area become further diminished.
The "change in distribution" hypothesis states that reductions in catch and biomass off Spain were due to a change in the distribution of the stock relat- ed to environmental changes that may not have affected stock productivity. According to this hypothesis, no evidence of changes in stock size will be found and the fluctuations in catches are mainly linked to the availability of fish.
RESULTS
Sardine landings off Atlantic Galician waters
Monthly catches from Vigo, Ribeira and Sada since 1988 are shown in Figure 3 . During 1991-93 there was a closure period of 45 days in MarchApril. In 1998 and 1999 landings in these harbours were almost negligible. In Sada there was a continuous decreasing trend over the time series. On the other hand, in both Vigo and Ribeira sardine landings showed a sharp decrease from 1997 to 1998. An analysis of the landings revealed the existence of an occasional winter fishery, especially in Sada and Ribeira. In Ribeira, this winter fishery took place one year after the occurrence of a good year class. For instance, 1987 For instance, , 1991 For instance, and 1992 had good year classes and winter sardine catches occurred in this harbour in 1988 and during 1992 and 1993. In Sada, the winter fishery appeared to occur two years after a good year class.
As expected, fish availability and catches increased in summer in all harbours.
Spawning grounds
A significant reduction in the spawning area was observed in the Spanish zone (Bernal, 1999) . A drastic reduction occurred off the Galician area, dropping from around 7000 km 2 estimated in both 1988 and 1990 to only 523 km 2 estimated in 1997. Moreover, in this region, zero probability of the presence of eggs was predicted for 1997 (Bernal, 1999) . In the Cantabrian Sea, there was also a major decline from around 10000 km 2 in 1988 and 1990 to only 3000 km 2 in 1997. The inner part of the Bay of Biscay showed a significant decrease from 1988 to 1990 (4600 km 2 to 2985 km 2 ), while no major changes occurred from 1990 to 1997 (2351 km 2 ). Whereas in the late eighties eggs were distributed throughout the continental shelf and offshore, in the late nineties the spawning area off the Spanish coast was restricted to shallower waters. There was a shrinkage process of the spawning area along the coastal waters of the inner part of the Bay of Biscay. Moreover, an overall reduction in batch fecundity and average weight of females accomplished this process (Pérez et al., 1989; García et al., 1991; Lago de Lanzós et al., 1998) . In Portuguese waters, there was a significant reduction of the spawning area (Stratoudakis, 1999) . In the late eighties the spawning area was twice the size of the area left in the late nineties. Nevertheless, a drastic reduction only occurred in the northern area, while the southern part remained practically stable at around 4500 km 2 . Unlike the case of Spain, off Portugal, the batch fecundity increased (Cunha et al., 1992 and .
Stock size
Spawning stock biomass and recruitment as estimated by the ICES Working Group on the Assessment of Sardine (ICES 2000) shows two peaks situated in the mid-eighties and the mid-nineties which were followed by periods of low stock size occurring in the late eighties and late nineties. Recruitment at age 0 in 1978-81, 1983, 1987, 1991-92 and 1998 was above the geometric mean of the time series. The lowest estimated recruitment occurred during the period 1993-95. The exploitation pattern has changed over the time series. In the early eighties most of fish caught belonged to younger age groups (i.e. age groups 0, 1 and 2). Since then, the contribution of younger fish in the catch-at-age matrix has decreased. According to Azevedo (1999) , this change has occurred mainly off the southern region of Portugal.
The availability indices are shown in Table 1 and Figure 6 . There was a significant decrease in the number of fish estimated by acoustic surveys off northern Galicia. Low estimates occurred in 1996 and 1998 and are 100 times lower than estimations from the eighties. In Cantabrian waters (ICES SubDivision VIIIc-East) the number of fish also decreased but since 1996 it has remained fairly stable. In southern Galicia (ICES Sub-Division IXa-N) the number of fish estimated in spring was always lower than in the other regions and reached its lowest value in 1999. Off Portugal there seemed to be an overall decrease from the late eighties to the late nineties. Nevertheless, since 1996 there has been a relatively stable situation, with the only noticeable occurrence being the decrease in the southern areas of Portugal, which was compensated for by a substantial increase in Cadiz. Temporal changes in this area were analysed by Morais et al. (1999) , who concluded that changes in fish abundance in each area are significant from winter to spring. Fish movements are assumed to occur when the availability index in a given area is negative (i.e. the number of fish caught during the year is higher than the number available in the fishery in spring). Accordingly, most of the catches in southern Galicia were taken from migrating fish (negative availability index, Table 1 ). In northern Galicia, these movements were also detected when the number of fish, as estimated by acoustic surveys, started to decrease in 1991. In recent years the availability of fish in Galicia has been extremely low and the sardine fleet has changed either its target fish species (i.e. horse mackerel) or its fishing grounds by changing harbours. This could explain the change in the availability index which occurred in these areas most recently. In the other areas, no fish movements could be derived from the availability index, as it was consistently positive. Nevertheless, it should be noted that in both IXa-Cádiz and VIIIc-E, sardine is not an important target species, and therefore their catches did not reflect the local abundance.
DISCUSSION
The decline in the Spawning Stock Biomass observed since the mid-nineties is the result of a diminishing spawning area. This shrinkage in the spawning area was located mainly off northern Portugal and in the western part of the Cantabrian Sea. Together with this reduction, a considerable decline in Galician catches occurred in the late nineties, but there was a fairly stable yield off southern Portugal and in the eastern part of the Bay of Biscay. Schwartzlose et al. (1999) analysed the synchrony of the catch trends in several populations of sardines and anchovies. They found a strong positive correlation between sardine catches in the PeruChile system, off Japan and California. Food and temperature were identified as the most suitable mechanisms for shifts in regime.
The regime problem
Sea surface temperature (SST) has increased off the Iberian Peninsula in recent years (Lavin et al., 1998; Dias et al., 1992; . Noto and Yasuda (1999) found that the natural mortality from the postlarval stage to age 1 in the Japanese sardine was positively correlated with sea surface temperature. They related the increase in the population size to the low SST period which occurred during 1970-1980, leading to a decrease in the natural mortality of earlier life stages. Unlike the Japanese sardine, the sardines in the Humbolt system have expanded in warm periods (Lluch-Belda et al., 1992) , although no relationship between sardine recruitment and temperature was found (Serra et al., 1998) . In the Bay of Biscay, both sardine distribution and abundance have increased in the last few years (Massé, pers. com.) as opposed to the trend observed in the Cantabrian Sea. Given the contradictory trajectory of the two neighbouring populations, the effect of the increasing trend in sea surface temperature on stock productivity is still unknown.
Primary production off Galicia is high, reaching values of up to 7.4 C m -2 d -1 (mean value of 4.3 C m
) during upwelling events (Teira et al., 2000, in press ). Even without upwelling events, the primary production is also high and may exceed 1.6 C m -2 d -1 (Bode and Varela, 1998) . For instance, values of 2.6 C m -2 d -1 were measured in the Canary system (Estrada, 1980) . Off northern Galicia microflagellates constituted the bulk of the phytoplankton followed by the diatoms (Casas et al., 1999) . It should also be noted that the phytoplankton abundance in this area is higher than in the Cantabrian Sea. Sardines appear to be largely omnivorous, their diet ranging from phytoplankton (diatoms and dinoflagellates) to macrozooplankton (essentially copepods) and microzooplankton (nauplius copepods and tintinids) as well as pollen, judging from stomach contents (Oliver and Navarro, 1942; Varela et al., 1985) . Off northern Galicia, the primary production has not changed over the last decade. In addition, values here are higher than those recorded off North Africa. However, from 1989 to 1992, a decrease in the magnitude of diatom blooms as well as an increase in the abundance of microflagellates was observed off northern Galicia. Similarly, changes in dinoflagellate composition were observed in the early nineties in South Galicia (Cariño et al., 2000) . As suggested by Corten (1999) , changes in abundance and prevalence of zooplankton species might be caused by changes in water inflows which may affect the availability of fish. Nevertheless, given the wide variety of organisms consumed by the sardine and the stability of the primary production in this area, changes in the phytoplankton composition here would appear to be minor (Bode et al., 1994 (Bode et al., , 1996 Casas et al., 1997; Varela, 1992) and, therefore probably did not affect the availability of sardine in this area.
Relationships between recruitment and environmental conditions have been studied by several authors (Robles et al., 1992; Roy et al., 1994; Cabanas and Porteiro, 1998; Borges et al., 2000) . Because of the extensive spawning period and different spawning grounds, the recruitment success of the sardine is the outcome of a long time/space integral. This reproductive strategy allows sardine to increase their chances of coming across a sequence of environmental events favourable to the survival and growth of the early life-history stages (Cole and McGlade, 1998) . On the other hand, it makes it difficult to link the recruitment to a particular oceanographic or climatic event. For instance, Table 2 and Figure 7 show the upwelling indices from 1987 to 1998 for the first half of each year as estimated by Lavín et al. (1991) . Upwelling is derived from the atmospheric pressure information of a point located off the Galician coast (43°N-11°W). The upwelling regime found in 1995 was similar to that observed in 1991 and 1992. However, the recruitment in 1991 and 1992 was well above the geometric mean of the time series whereas that of 1995 was the lowest (Table 2) .
In keeping with our findings, the hypothesis regarding the change in distribution would appear to be unlikely. The losses of both stock area and size in the northern region were not compensated for by an SARDINE DYNAMIC AND THEIR FISHERY IN GALICIA 253 increase in the southern region. Moreover, either the increase in sea surface temperature or possible changes in food availability may have affected the overall productivity of the stock. However, since a clear displacement of the stock was not detected, it might be concluded that the lack of sardine off Galicia over the last two years was not caused by a displacement of the bulk of the stock towards southern areas.
Population dynamics and identity
The location of the main area for recruits at age 0 centred off North Portugal was used as the principal basis to support the idea of a single population, although spawning occurs in two different locations (i.e. Cantabrian Sea and off Portugal), peaking in different periods (spring in the Cantabrian Sea and winter off Portugal). As reported by Fernández and Navarro (1952) , the abundance of young sardine in the Cantabrian Sea was historically extremely low. This was confirmed in recent investigations on juvenile distribution around the Bay of Biscay (JUVESU, 2 nd intermediate report, 2000). A similar pattern was also observed in juvenile mackerel (Scomber scombrus). Mackerel spawn in spring throughout the Cantabrian Sea, close to the shelf break and both the number of adults and eggs or larvae off Portugal and South Galicia is low (SEFOS, final report 1995; Lago de Lanzós et al., 1993) . In spite of this, the highest catches of juvenile mackerel occurred in South Galicia (JUVESU, 2 nd intermediate report, 2000). Although the mechanisms that led to this occurrence have not been studied in depth, this might be explained by wind-driven current responses. During late spring-summer predominant winds are N-NE (Blanton et al., 1984) , causing a westward circulation in the Cantabrian Sea and resulting in upwelling off the western coast of the Iberian Peninsula. In the case of a NW wind, coastal circulation in the Cantabrian Sea is eastward, while there is a westward countercurrent close to the slope (Pingreee and Le Cann, 1989). According to this general pattern, larvae could reach the western part of the Iberian Peninsula and progress southward depending on the strength of the upwelling event.
However, since the mid-nineties, the reduction of the distribution area, which has occurred mainly in the NW part of the Iberian Peninsula (i.e. in Galician waters), has led to some uncertainties on stock identity. In our opinion, given the available information on recruitment, spawning and catches, the dynamics of the Ibero-Atlantic stock of sardine would seem to be better understood if the concept of metapopulation, as stated by McQuinn (1997) for the Atlantic herring, is adopted.
According to this concept, the structure of the sardine may be considered as an array of the local populations linked by variable degrees of gene flow (i.e. the Cantabrian sub-population and the Atlantic sub-population). Migration plays an important role in this concept because it is necessary for the survival, endurance and expansion of the metapopulation. In our case, when the two local populations (the Cantabrian and the Atlantic) achieved a large size, as observed during the eighties, older fish were predominant in the Cantabrian Sea and movements between both sub-populations were observed. During the spawning period, the sardine was spread out all over the continental shelf, reaching the Atlantic waters of northern Galicia. Moreover, eggs were even found offshore. Off northern Portugal spawning started earlier and was restricted to the continental shelf (Cunha et al., 1989) . In southern Galicia, during the spawning period, only a few schools remained inside the "Rias" which are long, narrow estuaries. From April, with the increased availability of food, schools from northern Portugal moved northward, reaching Galician waters. Similarly, schools from the Cantabrian Sea moved westward, increasing the availability of the sardine off Galicia during the summer, and hence the maximum yield was achieved in this fishery in June-October. In addition, in southern Galicia recruitment at age 0, which occurs mainly in summer, supports an important fishery on juveniles during this period. The high primary production off Galicia may act as a trigger mechanism forcing the sardine to undertake feeding migration to this area. Size-and age-related migrations (Nøttestad et al., 1999) might explain the age distribution pattern observed by Porteiro et al. (1986) along the Spanish coast.
Poor recruitment in the mid-nineties as well as an increase in fishing mortality due to a reduction in the overall stock size led to a shrinkage of the Cantabrian sub-population towards coastal waters in the western area (i.e. northwest corner of the Iberian Peninsula) and a fairly stable situation in the inner part of the Bay of Biscay. There was also a decrease in sardine distribution off northern Portugal and a movement of the Atlantic sub-population to the southern part of the Iberian Peninsula. The increase in older fish detected in the southern region of Portugal, both in catches and in acoustic surveys (Azevedo, 1999; Morais et al., 1999) , as well as the increase in batch fecundity in Portugal, agreed with this process. In the Cantabrian Sea, this process appeared to be gradual and hence catches in Sada also underwent a gradual decrease. In Table 3 , mean age and mean length by ICES Sub-Division as estimated from the Spanish Spring acoustic survey are shown. Younger and smaller fish were consistently found in southern Galicia (IXa-N), whereas older specimens were located in the Cantabrian Sea (VIIIc-E). The poor recruitment from 1993 to 1995 increased the mean age in IXa-N estimated in 1996, which was quite similar over the surveyed area. When the spawning area in the Cantabrian Sea was restricted to coastal waters and the western part was abandoned (between 1997 and 1998) , sardine also failed in southern Galicia. The occurrence of coastal spawning resulted in a retention of both eggs and larvae in shallower waters throughout Cantabrian waters. Fernández et al. (1991 Fernández et al. ( , 1993 and Varela (1996) explain the mechanism. In winter-spring the Cantabrian Sea is characterised by the presence of a poleward current (Frouin et al., 1990) , which plays a crucial role as a barrier to the transport of eggs and larvae. In this context, the decrease in both mean age and length throughout the Cantabrian Sea, estimated during the acoustic surveys undertaken in 1998 and 1999, concurred with the possible retention of larvae and small recruits in coastal waters. Off northern Portugal, the same situation might be suggested. From 1986 to 1999 the estimated spawning area was reduced from 8300 km 2 to only 3100 km 2 , with the lowest surface area occurring in 1997 (only 1600 km 2 ). Consequently, earlier life stages might have been retained in coastal waters without any northward progression. Furthermore, recent investigations off northern Portugal have indicated that sardine are restricted to coastal waters, and juveniles occurred mixed with adult fish, which creates problems in the normal evolution of the fishery.
The decrease in the stock area and stock size in northern areas has affected the movements of sardine, and at present it would appear that the spawning biomass in the Cantabrian is at a low level and virtually isolated from the northern Portuguese spawners. Moreover, the contribution of the Cantabrian spawners to the recruitment success off the western coast would now be negligible. Low gene exchange between both areas is expected at very low stock sizes. However, neither the northern Portuguese nor the Cantabrian spawning ground was completely abandoned. A recovery of any of these sub-populations will probably occur when a good incoming year class forces an expansion of the sardine distribution area. It should also be noted that the influence of upwelling or other oceanographic events, which take place mainly on the continental shelf, on recruitment success may depend on the size of the spawning area: the more coastal the distribution area the less important the influence of the oceanographic events will be. At low spawning stock sizes, continental conditions, such as river plumes, may play a more important role in recruitment success than the actual oceanic events. The location of the preferential areas of sardine in zones having major river plumes (i.e. the Douro-Aveiro area in Portugal and the Adour and surrounding Basque country rivers in the Cantabrian Sea) agree with this assumption.
From our point of view, the question of the failure of the Galician sardine fishery may be better understood in the context of depletion, especially regarding the northern population. The Atlantic sub-SARDINE DYNAMIC AND THEIR FISHERY IN GALICIA 255 population also suffered a shrinkage process, but it was less intense than in the Cantabrian sub-population. Under these conditions, the bulk of the distribution remained off the southern area (Portugal), whereas in the northern area only a residual population was observed. The low size of the stock affected the distribution of fish; hence the lack of adult fish in Galician waters. On the other hand, coastal spawning behaviour resulted in the higher retention of earlier life stages (from eggs to recruits), which remain mainly in the same area where they were hatched. The lack of juveniles off southern Galicia may be explained by this mechanism. Fréon and Misund (1999) reviewed the effect of the metapopulation on fisheries and stock assessment. The depletion of sub-populations is believed to cause long-term diminishing productivity. In the case of the Iberian sardine, sub-populations are mainly distributed in each country and Galician waters make up the area linking the two sub-populations, especially in summer. The interdependence of both sub-populations during periods of high stock sizes together with periods of virtual isolation at low stock sizes bring about major changes in spatial distribution, local abundance and age structure. Because of spatial changes in fish distribution and the shifts in the exploitation pattern owing to stock size, it is difficult to obtain a meaningful comparison between the stock size and the fishing mortality in the mid 1980s and the late 1990s, and to provide robust estimates of the state of the stock using the actual assessment model (Anon., 2000) .
The actual knowledge on the Ibero-Atlantic sardine agrees with the concept of metapopulation. Nevertheless, there is still a lack of knowledge in terms of the relationship between the Iberian sardine and populations located in surrounding areas (i.e. the Bay of Biscay, Mediterranean Sea and Moroccan area). It is therefore necessary to carry out a multidisciplinary study including these areas in order to provide an holistic approach to stock identity. Furthermore, the assessment model should be modified to take into account the special features of stock dynamics (range of migrations, distribution, age structure, etc.) observed in a metapopulation.
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